Patient-ventilator interactions may be coordinated (synchronous) or uncoordinated (dyssynchronous). Ventilatorpatient dyssynchrony increases the work of breathing by imposing a respiratory muscle workload. Respiratory centre output responds to feedback from respiratory muscle loading. Mismatching of respiratory centre output and mechanical assistance results in dyssynchrony. We describe a case of severe patient-ventilator dyssynchrony and hypothesize that dyssynchrony was induced by a change in mode of ventilation from pressure-cycled to volume-cycled ventilation, due to both ventilator settings and by the patient's own respiratory centre adaptation to mechanical ventilation. The causes, management and clinical implications of dyssynchrony are discussed.
Ventilator-patient dyssynchrony occurs when a ventilator fails to recognise a patient's efforts (trigger dyssynchrony), or provides an inadequate response (flow dyssynchrony) or a delayed response (cycling dyssynchrony) to those efforts. Unloading of failing respiratory muscles is a major goal of mechanical ventilation. Ventilator-patient dyssynchrony increases the work of breathing and can impose a respiratory muscle workload in excess of that caused by the primary disease 1 . Severe dyssynchrony produces hyperinflation and may play a role in mechanical lung injury 2 . Ventilator-patient dyssynchrony and its drug treatment may produce a cascade of deleterious events, including distress for the family, increased duration of admission, increased sedative drug cost, gastric stasis and failure of enteral feeding, critical illness myopathy and neuropathy 3 , delayed ventilator weaning and possible awareness in a patient if paralysed, potentially increasing the risk of posttraumatic stress disorder. The desire to reduce venti-lator-related morbidity has led to a burgeoning range of interactive modes of ventilation. In order to limit ventilator-related morbidity while successfully exploiting these newer modes of ventilation, the clinician requires a sophisticated understanding of patient-ventilator interaction.
CASE HISTORY
A 69-year-old woman with severe ARDS was being managed on pressure-controlled ventilation with permissive hypercapnia. Over a period of four weeks, she was weaned from an initial pressure cycling level of 65 cmH 2 O to 35 cmH 2 O, at a rate of 12 breaths per minute, using a Puritan-Bennett 7200 ventilator (Puritan-Bennett, Carlsbad, CA, U.S.A.). During a supply failure of compressed air we were unable to provide pressure-cycled ventilation.
Accordingly, we changed to volume-controlled ventilation. Peak airway pressures immediately increased to 80 mH 2 O, tidal volumes were less than 100 ml, and she displayed clinically obvious dyssynchrony with the ventilator. The patient became distressed, oxygen saturation decreased to <80%, and pH decreased from 7.4 to 7.1. Measures used to reduce the degree of dyssynchrony included increasing inspiratory flow rate from 40 l/min to 80 l/min, administration of bronchodilators, manipulation of inspiratory: expiratory time ratio, and use of both square and sine wave flow patterns. She remained inadequately ventilated and fresh blood was suctioned via the endotracheal tube. In view of the immediate need to restore adequate oxygenation, neuromuscular blockade was achieved using vecuronium 8 mg intravenously, and the patient was sedated using midazolam 4 mg intravenously. This resulted in restoration of tidal volumes of 550 ml accompanied by airway pressures of <40 cmH 2 O using volumecycled ventilation. Two hours later the compressed air supply was restored, and pressure-cycled ventilation was uneventfully recommenced. Ventilator weaning was subsequently successful and she made a full recovery.
DISCUSSION
Our patient developed clinically obvious flow dyssynchrony when changed from pressure-cycled to volume-cycled ventilation. Flow dyssynchrony, also termed "flow starvation", occurs when flow delivery fails to match flow demand 4 . We believe that flow dyssynchrony was induced by this change in mode of ventilation due to both ventilator settings and by the patient's own physiological adaptation to mechanical ventilation.
Patients demonstrating a vigorous respiratory effort, as in our patient, may require very high inspiratory flow rates. Pressure-cycled ventilation provides a variable, demand-responsive flow rate 4 . Volume-cycled ventilation produces a fixed rate, nonresponsive rate of flow 4 . On triggering a pressurecycled breath, a patient is able to initiate flow rates in excess of 200 l/min 4 . These rates greatly exceed the maximum flow rate that can be achieved during a volume-cycled breath 4 . In our patient, increasing the preset inspiratory flow rate from 40 l/min to 80 l/min was insufficient to produce an acceptable level of synchrony. This is consistent with the work of McIntyre et al, who concluded that in patients with severe flow dyssynchrony, use of a variable flow pattern was more successful in reducing dyssynchrony than simply increasing preset, fixed flow rates 5 .
The choice of flow pattern also affects flow dyssynchrony. A decelerating pattern provides higher initial flow rates than either a sine wave or square pattern, and has been postulated to more closely match machine flows to patient demand 6 . In our case, pressure-cycled ventilation had provided a decelerating flow pattern. During volume-cycled ventilation, both sine wave and square flow patterns were selected, and both were accompanied by frank dyssynchrony. The use of a decelerating flow pattern during volume-cycled ventilation to decrease dyssyn-chrony has not been evaluated. New "dual flow" systems of ventilation combine the increased synchrony of pressure-cycled ventilation with the volume guarantee of volume-cycled ventilation by switching between types of gas delivery patterns 7 . Other newer modes of ventilation include bilateral positive airway pressure (BIPAP) and airway pressure release ventilation (APRV). These new modes allow spontaneous breathing throughout the respiratory cycle while continuing to target a pre-determined expired tidal volume through the use of sensitive exhalation valves. Spontaneous breathing during ventilatory support improves ventilation-perfusion distribution in patients with acute respiratory distress syndrome 8 and in models of bronchoconstriction 9 . Similarly, improving the "interface" between patients and their ventilators by allowing spontaneous ventilation by using BIPAP reduced the consumption of sedatives, analgesics and duration of intubation in patients following adult cardiac surgery 10 .
Respiratory centre output responds to feedback from respiratory muscle loading, and determines gas flow velocity, acceleration and inspiratory and expiratory times 4 . This feedback control occurs both during spontaneous and assisted breathing 11 . During dyssynchrony, mechanical loading changes from breath to breath 5 . Inspiratory neural output appears to be "preprogrammed" according to the level of mechanical assistance, and does not change on a breath-to-breath basis 11 . Thus a change in assistance requires time to allow "reprogramming" of the respiratory centre, in order to determine an optimal respiratory rhythm. The duration of the resulting mismatched respiratory centre output will contribute to the degree of dyssynchrony. The time required for neural reprogramming is uncertain, and potentially subject to both interpatient and intrapatient variation 12 . Delayed neural centre reprogramming may have contributed to our patient's dyssynchrony, as evidenced by an inability to achieve synchronization following a change in ventilation mode. Neural reprogramming may act as a variable in studies of flow dyssynchrony. Kirby notes that unknown factors may have accounted for 70% of the observed differences between groups in a study attempting to reduce flow dyssynchrony 5, 13 .
Both the patient and the ventilator affect the degree of synchrony achieved during ventilation. Dyssynchrony is therefore managed either by increasing ventilator responsiveness or by decreasing patient demand 5 . Historically, the "patient ventilator battle" was won by decreasing patient demand, using sedatives and neuromuscular relaxants. Closed loop technology 14 and proportional assist ventilation 14 optimize patient ventilator interaction by allowing feedback between patient effort and ventilator assistance (neuroventilatory coupling), resulting in ventilators that are both more sensitive to patient efforts and more intelligent in the provision of respiratory assistance. This has allowed current management of dyssynchrony to emphasize that it is the ventilator settings, rather than patient demand, that should be altered, with imposition of a clinician-selected pattern of ventilation being reserved for exceptional circumstances 5 . The use of neuromuscular relaxants precludes patient interaction with the ventilator, obviating the issue of synchrony.
Kirby has suggested that the applicability of pressure-cycled ventilation as a method of reducing flow dyssynchrony be studied in patients with altered central nervous system respiratory control mechanisms 13 . Our case suggests that pressure-cycled ventilation may be useful in improving synchrony in this patient subgroup. Physiological adaptation by the patient to the flow pattern of ventilation currently remains a potential but unquantifiable source of dyssynchrony.
